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Influence of Irrigation Modalities (Irrigation Management
and Dryland), Fruit Ripening, and Cultivation Modality
(Organic and Conventional) on Quality and Chemosensory
Profile of Hojiblanca and Picual Extra Virgin Olive Oils
Rocio Ríos-Reina, Francisco Camacho, M. Lourdes Morales, Brígida Jiménez-Herrera,
and Raquel M. Callejón*
A study with controlled field and authentic samples of olives, obtained in
similar conditions of soil, climate, region, harvest, and with the same
cultivation techniques and considering simultaneously different agronomic
factors (olive variety, fruit ripening degree, irrigation, and organic or
conventional production system) is performed to evaluate their influence on
quality and added value of extra virgin olive oil (EVOO). Agronomical and
physicochemical parameters, polyphenols, tocopherols, and fatty acid
composition and volatile and sensory profiles are determined in Hojiblanca
and Picual VOOs obtained from different fruit ripening degrees and different
cultivation modalities (conventional with and without irrigation, and organic
with irrigation). Among volatile compounds, 1-hydroxy-2-propanone,
(E)-linalool oxide, and 2-acetylfuran are described for the first time in EVOO.
The variable that most influences the chemosensory composition of EVOOs is
the variety, followed by the stage of ripeness, and, within each variety, the
cultivation modality. Organic irrigation differ from conventional modalities,
showing significant differences in acidity, stability, tocopherol and polyphenol
contents, fatty acid composition, and sensory attributes.
Practical Applications: Results are of great importance, due to their
applicability to the EVOO sector, allowing one to know the qualitative,
chemical and organoleptic differences between organic and conventional
EVOO, and factors that improve the quality and performance of EVOO.
1. Introduction
Virgin olive oil (VOO) production is mainly concentrated in
Mediterranean countries, Spain being the leader in both olive
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grove surface and olive oil production.[1]
VOO, and especially extra virgin olive oil
(EVOO), is a product that is increasingly ap-
preciated by consumers for its organoleptic,
nutritional characteristics, and high quality
and benefits for human health.[2,3]
The European Union, the Codex Alimen-
tarius and the International Olive Council
have different regulations to classify olive
oil according to their quality.[4] As is well
known, lipid composition is one of the
main contributors to nutritional and func-
tional quality, due to the high proportion
of monounsaturated fatty acids (MUFA) of
olive oil. Polyphenols also have an impor-
tant role in quality since they are respon-
sible for organoleptic characteristics, stabil-
ity, and health benefits. In fact, olive oil is
the only food product that has an autho-
rized health claim on polyphenols:[5] “olive
oil polyphenols contribute to the protection
of blood lipids from oxidative stress.” More-
over, olive oil not only has a health claim on
olive oil polyphenols, it also has another on
unsaturated fatty acids.
Other essential compounds in olive oil
quality are volatile compounds since they
contribute greatly to the overall aroma and
flavor.[6–8]
Quantitative and qualitative chemical composition of VOO is
affected by many factors such as agronomical and technical fac-
tors, having a great impact on its quality. They mainly include
the genetic factor such as olive variety; the environmental fac-
tors, such as pedoclimatic factor related to the geographical area,
maturation degree of the fruit, irrigation, crop season or the agro-
nomical practices used (e.g., conventional or organic practices);
and technological factors, such as the conditions of oil extraction
process.[9–13]
Although previous studies have shown that the olive variety
and fruit ripening stage have a greater effect on nutritional and
physical-chemical parameters than the cultivationmodality,[14] ir-
rigation seems to influence the composition and organoleptic
characteristics of olive oil [15] although its level on VOO quality
is not yet clear and is still controversial.[16–20]
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Another particularly important factor to consider is the type of
farming, due to the increase in demand for organic products by
consumers and the strict regulation of the application of certain
chemical products to crops, such as insecticides, fungicides,
or herbicides.[21] However, despite the increase in the surface
area in organic agriculture olive groves in Spain, and the po-
tential adulterations and frauds in this kind of product, there
is still a lot of ignorance about how the type of crop, organic or
conventional, affects chemical composition since to date, few
comparative studies have been performed between organic and
conventional olive oils.[10,14,22,23–25] Indeed, in some cases, such
studies have obtained contradictory and inconclusive results due
to the experimental design not considering factors such as vari-
ety, year of harvest, place of production, same soil type, ripeness
of the fruit at the time of harvest, the same cultivation tech-
niques, etc. In other words, these studies were not performed
using controlled and comparable samples obtained under
the same conditions in which the only variable was the crop
type.
Therefore, a study with controlled field samples, obtained un-
der the same conditions, considering simultaneously different
agronomic factors (olive variety, fruit ripening degree, irrigation,
and organic or conventional) would represent an advance in the
knowledge on EVOO, preventing fraud and providing informa-
tion to the industry, producers, and consumers, on the quality
and added value of these products.
In this context, the aim of this work is to study simultane-
ously the influence of irrigation and production system (organic
and conventional) on the quality of EVOOs (including total phe-
nols, tocopherols, fatty acid composition, and volatile and sensory
profile) from Hojiblanca and Picual varieties and different fruit
ripening degree, obtained under similar conditions.
2. Experimental Section
2.1. Chemicals
The analytical standards of fatty acids, tocopherols, volatile, and
phenolic compounds were of high purity (>95%) and obtained
from commercial sources (Merck, Darmstadt, Germany; Sigma-
Aldrich, Madrid, Spain; Fluka, Madrid, Spain). Water was ob-
tained from a Milli-Q purification system (Millipore, USA). A
series of C10 to C40 straight-chain n-alkanes (50 mg L−1in n-
hexane) purchased from Fluka was used to calculate linear reten-
tion index (LRI). All the solvents used were of analytical or HPLC
grade (Sigma-Aldrich).
2.2. Olive Fruit Samples
Olive fruits were collected from olive trees of two of the varieties
most cultivated in Andalusia, the Picual andHojiblanca varieties,
cultivated in three modalities: conventional with irrigation farm-
ing (CI), organic with irrigation farming (OI) and conventional
without irrigation or dryland farming (CD); and were harvested
at four different stages of ripening. The olive trees cultivated by
all three modalities were located in two orchards, 17 km apart
from one other, at similar altitudes (approximately 300 m above
sea level) and with similar weather conditions. Hence, both ar-
eas have a continental Mediterranean climate with dry summers
and mild winter. Rainfall occurs from autumn to spring, with a
mean annual rainfall of 400 mm. The average annual tempera-
ture is 17 °C, reaching -1.3 °C in winter and 43 °C in summer.
Soils have low depths, being mainly over limestone and siliceous
stones. They have a loamy texture and an alkaline pH (in the 8–8.5
range). Thus, the olive trees cultivated with conventional modal-
ity (dryland and irrigation farming) were located at the Agricul-
tural Research Training Centre in “Cabra” in the province of Cor-
doba, Spain, while olive trees cultivated with organic modality
(irrigation farming) were situated in “Baena” in the province of
Cordoba, Spain. The irrigation modalities were performed using
a localized irrigation system with four drip nozzles with an appli-
cation of 40 L per day for each tree, delivering a total of 1500 m3
per hectare.
Ten olive trees were randomly selected (always among the
most loaded to guarantee sampling) of the Picual variety and con-
ventional irrigation modality, 10 trees of the Picual variety and
conventional dryland modality, and 10 trees of the Picual variety
and organic irrigation modality. The same selection was carried
out for olive trees of the Hojiblanca variety (10 conventional with
dryland, 10 conventional with irrigation, and 10 organic with ir-
rigation).
Olive sampling was done by randomly hand-picking only
healthy fruits (without any type of infection or physical damage),
every 2 weeks, beginning in October 2016 and ending in Decem-
ber 2016, and comprising different harvest periods. It conforms
a total of 4 ripening stages: 22 from October (phase I), 3 from
November (phase II), 19 from November (phase III) and 2 from
December (phase IV).
The ripening index (RI) of each harvest was determined ac-
cording to the methodology proposed by Uceda and Frias.[26] The
fruit RI values for each modality are shown in Table S1 (Support-
ing Information).
2.3. Agronomical Indices
2.3.1. Weight of 100 Fruits
The fruit weight was determined as the weight of 100 drupes ran-
domly picked from aliquots of samples that had been previously
homogenized.
2.3.2. Resistance to Detachment (RD)
This parameter was evaluated using a dynamometer (Correx,
Switzerland) measuring the force (in grams) necessary to break
the fruit peduncle and detach it from the branch.
2.3.3. Oil Content (CAH and CAS) and Humidity Content
The sample humidity content was determined according to the
UNE Standard Spanish method.[27] Oil content was determined
by the Soxhlet method using hexane.[28] The oil content has been
expressed in two ways: the first one referred to the wet weight of
the paste (CAH) and the other referred to the weight of the dry
paste (CAS).
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2.4. Oil Samples
Three representative olive samples, each weighing a minimum
of 1 kg, were processed and the corresponding EVOOs were ob-
tained using an Abencor milling system (Abengoa S. A., Sevilla,
Spain). The olive fruits were milled using a stainless-steel ham-
mermill equipped with a 5 mm sieve that was operated at
3000 rpm. The resulting olive paste was immediately kneaded
in a mixer at 50 rpm for 30 °C, with hot water added at 20 min.
Centrifugation of the kneaded olive paste was performed in a bas-
ket centrifuge at 3500 rpm for 1 min. After centrifugation, the oil
was decanted and stored in amber glass bottles at 4 °C in darkness
and without headspace until analysis.
2.5. Stability
The oxidative stability was determined according to the Ranci-
mat method [29] using a Rancimat apparatus (Metrohm, Herisau,
Switzerland).
2.6. Analytical Indices
Free acidity, peroxide value, and UV spectrophotometric indices
(K232, K270) were evaluated according to the official methods
described in Regulation EEC 2568/91 and subsequent amend-
ments of the Commission of the European Union.[4] All param-
eters were determined in triplicate for each sample.
2.7. Fatty Acid Analysis
The methodology used was a modification of the provisions of
Commission Regulation (EEC) 2568/91.[4] The supernatant so-
lution containing the fatty acid methyl esters was injected into
an Agilent 6890 series gas chromatograph equipped with an au-
tomatic sampler (Agilent 7683), split-splitless injector, flame ion-
ization detector (FID) and HP Chemstation (Agilent Technology)
program. The fatty acids were quantified in percentages. Their
identifications were made by comparing retention times with a
standard solution of the methyl esters of pure fatty acids.
2.8. Polyphenols and Tocopherols Analysis
The content of tocopherols was analyzed according to the IUPAC
2432 method[30] by high-performance liquid chromatography
(HPLC) using a Perkin-Elmer liquid chromatograph equipped
with an isocratic LC200 pump and an LC295 UV–Vis detector.
The results were expressed as mg of tocopherol per kg of oil.[31]
The determination of total polyphenols was performed fol-
lowing the method adopted by the International Oleic Coun-
cil for the chemical analysis of the biophenols of olive oil. This
technique is based on the extraction of the minor polar compo-
nents of a phenolic nature directly from olive oil by means of a
methanolic solution and its subsequent quantification by HPLC
with a UV detector at 280 nm, using syringic acid as the inter-
nal standard. The total content of phenolic components (natural
or oxidized derivatives of oleuropein and ligustroside, in lignans,
in flavonoids and in phenolic acids) is expressed in mg kg-1 of
tyrosol.
2.9. Sensory Analysis
The organoleptic assessments of this study were carried out
by the tasting panel of the Regulatory Council of the Protected
Designation of Origin “Priego de Córdoba,” in accordance with
the IOC standards. The tasting panel was formed by a group
of tasters, between 8 and 12, previously selected and trained
according to the techniques pre-established by the IOC/t.20/
Doc n° 15 / Rev.2 September 2007, and according to the Euro-
pean Regulation CE 640/2008.[32] The sensory profile of each
EVOO sample was expressed as the median value for each
descriptor. The tasters evaluated directly or retronasally aromatic
olfactory sensations, such as olive fruity, green leaf/fresh-cut
grass, apple, almond, artichoke, and other positive attributes,
such as gustatory sensations (bitterness and sweetness) and tac-
tile/kinaesthetic sensations (pungency). The tasters had to rate
the intensity of the different descriptors on a continuous scale.
2.10. Volatile Analysis
The determination of volatile compounds was carried out by gas
chromatography coupled to mass spectrometry (GC-MS), follow-
ing and adapting the method proposed by Callejon et al.[33] 2 g of
olive oil was placed in headspace vials of 20mL capacity fromGer-
stel (Müllheim and der Ruhr, Germany), and after inserting the
twister in a glass insert, it was tightly closed and heated in a ther-
mostatic bath at 60 °C for 1 h. GC-MS analysis was performed by
a 6890 Agilent GC system coupled with a quadrupole mass spec-
trometer Agilent 5975inert and equipped with a Gerstel Thermo
Desorption System (TDS2) and a cryo-focusing CIS-4PTV injec-
tor (Gerstel). The quadrupole, source, and transfer line tempera-
tures were maintained at 150 °C, 230 °C, and 280 °C, respectively.
The electron ionization mass spectra in the full-scan mode were
recorded at 70 eV with the electron energy in the range of 29 to
300 m/z.
The identification of volatile compounds was based on mass
spectrum matching to the NIST 98 library and confirmed by
the available retention index of standards (RIs). When standards
were not available, the compounds were identified by computer
matching to the reference mass spectra from the NIST library
and by the comparison of their RIs with the RIs obtained with
standards that have been reported in the literature. The remain-
ing compounds were tentatively identified by computer match-
ing to the reference mass spectra from the NIST library and/or
through comparisons of their RIs with those of online databases
(Flavornet; Pherobase) and the literature. RIs were calculated by
using the retention times of n-alkanes obtained under identical
analytical conditions, according to the literature.[34] The samples
were analyzed by triplicate.
2.11. Statistics
All statistical analyses and data treatments were carried out by
using the PLS_Toolbox 7.9.5 working under MATLAB environ-
ment. The significance of the differences between the means
at the 5% level was determined by performing an analysis of
variance (ANOVA) of a factor and the Tukey “PosHoc” test.
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Figure 1. Spider charts obtained by the sensory analysis of the a) olive oils, and b) scores and c) loadings plots obtained by a PCA carried out with the
areas of the volatile compounds identified in all the samples according to the variety (Picual-P or Hojiblanca-H), cultivation modality (conventional with
irrigation farming (CI), organic with irrigation farming (OI), and conventional without irrigation or dryland farming (CD)) and ripening stage (I, II, III,
IV).
Principal component analysis (PCA) was applied to the different
parameters studied as well as to the global parameters of analy-
ses, in order to study the influence on the olive oil according to
the different cultivation modalities (dryland, conventional irriga-
tion, and organic irrigation), the different moments of fruit har-
vesting and the different varieties. Autoscaling and group-scaling
were applied for the individual and the global data matrices, re-
spectively.
3. Results and Discussion
3.1. Chemosensory Evaluation
The sensory analysis and therefore, the volatile profile of olive
oils has an important role for the quality and properties of the
commercialized product. For this reason, a chemosensory eval-
uation was performed in detail. Figure 1 shows, on the left side,
the spider charts obtained by the sensory analysis of the olive oils
according to the variety, cultivation modality, and ripening stage
(Figure 1a), and on the right side, the scores and loadings plot
obtained by a PCA carried out with the areas of the volatile com-
pounds identified in the samples (Figure 1b,c).
Concerning the sensory profiles of the olive oil, it can be seen
how they vary as ripening progress (Figure 1a), according to
that reported by several authors.[10,35] Thus, for both varieties
and modalities, the sweet attribute showed an increasing trend
through ripening, according to the literature[36,37] and reaching,
in general, the maximum values in stage III. Bitter and fruity at-
tributes also reached maximum values in stage III of Picual oils,
according to Jiménez et al.[37] As other authors reported,[36] the
grass, apple, and almond attribute tended to decrease with ripen-
ing in both varieties, reaching the lowest scores in the last ripen-
ing stages. The remaining attributes did not show a clear trend
with ripening, varying according to the variety or the cultivation
modality.
Regarding the variety, there were also some differences in their
sensory profile. Thus, in general and considering mean values,
the Hojiblanca variety was more pungent, grassier, and sweeter
than the Picual, which reached greater values for the bitter, ap-
ple, almond, and leaf attributes. The sensory differences between
these varieties were also observed by other authors. [10,38] The
fruity descriptor showed similar values in both varieties. Accord-
ing to Dabbou et al.,[38] the fruity attribute is a reflection of the
rawmaterial fromwhich the oil is obtained and it is fundamental
in the VOO aroma, since the aroma or flavor of VOO is produced
by the balance between green and fruity notes.
With respect to the cultivation modality, there were fewer
differences in general. Hence, the dryland modality (CD) pre-
sented lower mean scores for most of the sensory attributes,
standing out for a higher sweetness, in accordance with other
authors.[38] In comparison, the conventional oils obtained under
irrigation (CI), reached higher values in both varieties for the
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fruity, pungent, bitter, grass, and leaf attributes, especially in
stage III (Figure 1a). These results are also in accordance with
Rosati et al.,[39] Jiménez et al.,[10] and Dabbou et al.[38] who
observed an increase in these attributes when increasing the
irrigation level. The organic oils (OI) showed, in general, higher
values for bitterness and fruity attributes, mainly in the second
ripening stage. This is due to the higher presence of phenols and
volatile compounds synthesized throughout the lipoxygenase
(LOX) pathway, which are responsible for bitter and olive fruity
sensory attributes, respectively.[10,40] The higher presence of
these attributes favors the quality of these oils in comparison to
the oils obtained by the other modalities.[41]
The differences between varieties andmodalities can be clearly
observed by looking at the ripening stage I. Hence, PCD oil is
highlighted by its sweet notes, PCI by its pungent, herb, fruity,
and apple notes, and POI oil by its bitterness (Figure 1a). This
was expected, since, as mentioned above, oils from organic farm-
ing reached higher amounts of total phenols (Table S2, Support-
ing Information), which has shown to be related to the bitter
attribute.[42] On the other hand, Hojiblanca in this first stage
is highlighted by higher leaf notes in HCI, more herb notes in
HOI and sweet and apple notes in HCD oils. Moreover, stage III
was the one that showed fewer differences among the different
modalities.
In general, the better sensory scores were obtained for the
ripening stages III and IV except for the organic oils whose bet-
ter sensory profiles were obtained in stages II and III. This dif-
ference is in accordance with the differences discussed above re-
garding the ripening of the organic fruits, which matured earlier
than fruits of the other modalities.
Table S3 in Supporting Information showed the mean of to-
tal peak areas obtained for the volatile compounds detected, their
standard deviation and the statistical results obtained by carrying
out an ANOVA regarding the variety, ripening stage, and cultiva-
tion modality.
In our study, a total of 85 volatile compounds were deter-
mined for both varieties, all cultivation modalities and ripen-
ing stages, 3 of which are described and identified for the first
time in EVOOs (1-hydroxy-2-propanone, (E)-linalool oxide, and
2-acetylfuran). Within the 85 volatile compounds determined, 15
compounds were alcohols, 14 ketones, 10 furans, 8 aldehydes,
8 terpenes, 8 hydrocarbons, 7 esters, 7 acids, 3 lactones, and 5
compounds classified as “other.”
In general terms, regarding the values of total peak areas ob-
tained for the total volatile compounds in both varieties (Table S3,
Supporting Information), Hojiblanca seemed to have a signifi-
cantly higher value of volatile compounds than Picual samples,
clearly observable in the alcohols, aldehydes, and esters fami-
lies. However, Hojiblanca samples showed lower values for acids,
furans, and hydrocarbons than Picual. Regarding the modali-
ties, EVOOs from conventional cultivation (irrigation-CI- and
dryland-CD) had higher total areas for the total volatile composi-
tion than the organic EVOOs, except in stage I of both varieties,
where the opposite was observed. Moreover, in conventional
EVOOS of both varieties, the total areas of most of the chemi-
cal families followed the same trend of increasing with ripening,
showing their maximum in Picual IV and Hojiblanca III. These
results matched the results obtained by Jimenez et al.[10] How-
ever, organic samples showed differences between Picual and
Hojiblanca varieties, since the total area of volatile compounds
in Picual significantly increased with ripening while it decreased
in Hojiblanca.
Regarding the irrigation effect, although both conventional
modalities showed an increasing trend with ripening, in gen-
eral, it was observed that those EVOOs from both varieties un-
der irrigation cultivation (PCI and HCI) reached higher values
of total volatile compounds than those under dryland cultivation
(PCD and HCD) (Table S3, Supporting Information). According
to the literature, there is no clear trend or effect with regard to the
change in total volatile compounds as a function of the irrigation
regime.[38] As is well known, the major volatile compounds re-
ported in virgin olive oils are the C6 and C5 compounds derived
from linoleic and linolenic acids through the lipoxygenase (LOX)
pathway, which takes place during the crushing of the olive fruit
and olive paste malaxation.[6,43] These compounds, referred to as
LOX compounds, are mainly aldehydes, alcohols, esters, hydro-
carbons, and ketones, which are responsible for the characteris-
tic and positive green sensory notes. This group of compounds,
contrary to that observed by Jiménez et al.[10] increased through
the fruit ripening process in conventional EVOOs (dryland and
irrigation), reaching the highest values in stages III and IV in
those from Hojiblanca and Picual varieties, respectively (Figure
S1, Supporting Information). However, organic EVOOs did not
present a clear trend through fruit ripening. Ninfali et al.[44] com-
pared conventional and organic olive oils across a 3 year study and
a nonconsistent trend was observed because the volatile compo-
sition depends on a variety of factors, including cultivar, climate,
soil type, nutrient and water availability, duration, and conditions
of storage and the differences related to the cultivation methods
may be difficult to be observed.[45] Moreover, regarding the irri-
gation effect on LOX compounds, no significant differences were
observed between the irrigated and dryland samples.
As shown in Table S3 (Supporting Information), most of the
volatile compounds showed significant differences between total
areas. Hence, a PCA was developed in order to better study the
differences between varieties, cultivation modalities, and ripen-
ing stages considering the volatile profile. The scores and load-
ings plots obtained by the second and third PCs (explaining
24.82% of variance) were reported in Figure 1b,c (on the right
side of Figure 1). Hence, it could be clearly observed that the
volatile composition differentiated the samples mainly through
their variety (explained by PC2). This result was expected since
various authors have reported the genetic effect related to culti-
var as one of the most important aspects of the volatile composi-
tion of olive oils.[46] Moreover, differences through the ripeness
stage (explained by PC3) could be observed. Thus, the first ripen-
ing stages I and II were placed on the upper side of the scores
plot (positive values of PC3) and the latest stages on the lower
side (negative values of PC3). In addition, in both varieties, but
mainly in Picual, it could be observed that in the first stages there
were not many differences regarding the cultivation modalities,
and the samples appearedmore grouped.However, as fruit ripen-
ing increased, a greater difference in the volatile composition was
generated, especially in the case of organic farming with irriga-
tion (OI).
Within the family groups with the highest number of com-
pounds, the alcohol family was the majority group followed by
ketones and aldehydes. Alcohols have been described as the class
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Figure 2. Scores and loadings plots of the PCAmodel obtained with the total of parameters (physicochemical (PC), agronomical (AGR), fatty acids (FA),
polyphenols and tocopherols (P&T), volatile compounds (VC) and sensory scores (SENS) and samples according to the variety (Picual (P) or Hojiblanca
(H)), cultivation modality (conventional with irrigation farming (CI), organic with irrigation farming (OI) and conventional without irrigation or dryland
farming (CD)) and ripening stage (I, II, III, IV)) analyzed.
with the largest variety of volatile compounds in olive oils in qual-
itative terms.[38] In our study, most of them proved to be more
related to the Hojiblanca variety (Figure 2c), being 1-penten-3-
ol, 1-pentanol, 1-hexanol, (E)-3-hexen-1-ol, (Z)-3-hexen-1-ol, and
(E)-2-hexen-1-ol more related to the first fruit ripening stages
and ethanol, methanol, (E)-2-pentenol, (Z)-2-penten-1-ol, (E)-2-
decenol, and 1-undecanol to the last maturity stages.
Regarding the cultivation modalities, the significant differ-
ences in alcohols were observed in stages III and IV of Hoji-
blanca oils. Thus, in Hojiblanca variety, in stage III the organic
samples presented significant lower areas of alcohols than the
conventional ones while in stage IV alcohols highlighted in the
organic oils, according to Jiménez et al.[10] Comparing the con-
ventional modalities of the Hojiblanca variety, a significant effect
of the irrigation regimewas observed in stage III, reaching higher
values of alcohols in the rainfed samples. This result was in con-
cordance with Sanchez-Rodríguez et al.[47] who found an increase
in alcohol concentration in all stressed olive oils due to a deficit
irrigation treatment. In Picual, significant differences in the al-
cohol total areas among the three modalities were not observed
at any ripening stage.
Within the ketones, the second group with the highest num-
ber of compounds, significant differences among the cultivation
modalities were not observed at any stage. 2-Pentanone, which
has been recognized as one of the main compounds responsi-
ble for fruity notes,[47] showed different values between both va-
rieties, mainly in the first stages, reaching the Hojiblanca variety
higher peak areas. Hence, according to that, it could be related
to the remarked fruity notes of Hojiblanca oils in the first stages
(Figure 1a).
Aldehydes seemed to bemore present in the last stages of both
varieties (Figure 2b,c), being consistent with the literature.[10]
Thus, the furanic aldehydes such as 3-furaldehyde, furfural, and
methyl furfural were more related to Picual oils of the last stages,
and hexanal, (Z)-3-hexenal, (E)-2-hexenal, benzaldehyde, (E)-2-
decenal of Hojiblanca oils of the last stages. Other authors have
also demonstrated that (Z)-2-hexenal, connoted by a fruity note,
and (Z)-3-hexenal, with a green odor contribute to the discrimi-
nation at the ripening stage.[48] Moreover, according to Angerosa
et al.,[49] hexanal, (Z)-3-hexenal, and (E)-2-hexenal have proved
to be one of the most important contributors to high quality of
EVOOs.However, it should be also highlighted that although hex-
anal has been related to green apple and grass sensory descrip-
tors, allowing the differentiation of EVOOs from the rest of the
categories, this compound has also been related to a mustiness-
humidity, fusty, winey-vinegary, or rancid defect, depending on
its concentration.[50] Moreover, (E)-2-hexenal, related to green
notes,[38] can be highlighted for its high areas in both varieties
in the last ripening stages, in accordance with other authors.[12]
In addition, our results were also consistent with the literature,
showing that, especially in the Picual variety, irrigated samples ex-
hibited higher areas of (E)-2-hexenal and hexanal than the rainfed
ones.[12,38]
Finally, the remaining chemical classes, with lower number of
compounds than the other groups, could be considered as minor
compounds, as other authors have indicated.[38] Within them, es-
ters were more present at the last stages of the Hojiblanca vari-
ety such as 1-methoxyhexane, hexyl acetate, methyl dihydrojas-
monate, 1-methoxy-(Z)-3-hexene and (Z)-3-hexenyl acetate. This
last compound, particularly correlated to sensory attributes like
green leaves, could be highlighted due to it having proved to be
relevant in the differentiation between non-defective (EVOO) and
defective (non-EVOO) olive oil samples, being present in more
concentration in EVOO samples.[50] The reason for its interest
relies on its odor threshold. Thus, (Z)-3-hexenyl acetate has a
much lower odor threshold concentration (between 1 and 2 𝜇g
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L-1) than its corresponding alcohol, (Z)-3-hexen-1-ol (50–70 𝜇g
L-1),[51] which means that in low concentrations it could provide
important green notes to the olive oil, useful for the sensory dif-
ferentiation of EVOOs.
In the Picual variety, some furans and acids (2-methylfurane,
2-acetylfuran, 5-hydroxymethylfurfural, and butyric acid, pen-
tanoic acid and 2-ethylhexanoic acid) highlighted in the first
stages, while others such as acetic acid, propanoic acid, and
hexanoic acid, which are related to sensory defects,[52] were
more present in the last stages. Another volatile compound
that has been related to sensory defects is ethyl acetate (winey,
vinegary).[50,52] Although this compound has proved to be rele-
vant in the differentiation of EVOO and non-EVOOs, due to it
showingmore concentration in LOO samples through a GC-IMS
analysis,[50] in the present study it showed low areas in general
terms for all the samples, so it might not influence the sensory
profile.
In summary, we can say that the variety had a major influ-
ence on the volatile and sensory profiles in comparison with the
cultivation modalities, the differences of varieties being mainly
related to a few C5 and C6 alcohols and aldehydes, and fruity,
bitter, and pungent sensory attributes as has occurred in other
studies.[38]
3.2. Overall Evaluation of Quality
The agronomical and physicochemical parameters and the con-
tent of polyphenols, tocopherols, and fatty acids are summarized
in Tables S1, S2, and S4 (Supporting Information). According to
these results, the first step was to check that all the samples pre-
sented certain values below the limits settled for EVOO samples
by the International Olive Council standards (IOC, 2013).[4]
Thus, as all these parameters have already been studied by
other authors in these two varieties, as well as in the different cul-
tivation modalities and different ripening stages, we considered
studying them simultaneously in order to make an overall eval-
uation of how these parameters influence the different varieties,
cultivation modalities and ripening stages and the relationships
between them. Moreover, it should be remembered that this was
the first time that the influence of irrigation and production sys-
tem (organic and conventional) on the quality of EVOOs from
the Hojiblanca and Picual varieties and different fruit ripening
degrees, obtained under similar conditions, was also studied si-
multaneously. For this purpose, a PCA model was applied to the
total number of considered parameters and samples analyzed in
this study. The corresponding scores and loadings plot are shown
in Figure 2.
The scores plot shows, as expected, that the variety was the
most influential variable with respect to the irrigation or culti-
vation modality, being the first principal component (PC1 with
a 28.20% of total variance), responsible for this differentiation.
Thus, samples were grouped according to the variety, Picual sam-
ples being placed on the positive side and Hojiblanca samples on
the negative side of PC1.
It could also be observed that the second principal component,
PC2, which explained the 20.88% of the total variance, differen-
tiated the samples according to the ripening stage, being the lat-
est stages on the positive PC2 side, and the earliest ones on the
negative side, for all the modalities and both varieties. Moreover,
a slight difference could also be appreciated between cultivation
modalities but within each variety.
Concerning the loadings, varietal differences were mainly re-
lated to the higher presence of bitter and leaf sensory attributes,
but also to a higher presence of oleic, palmitic, and palmitoleic
fatty acids, higher values of acidity, stability, and peroxide index
in Picual oils together with the higher values for CAH and CAS of
Picual fruits, whereas Hojiblanca olive oil showed a higher pres-
ence of apple, pungent and sweet notes, a higher content in to-
copherols, linoleic, linolenic, and other fatty acids, and a higher
resistance and humidity values in its fruits.
This differentiation also occurred when the different groups
of parameters were studied separately, being consistent with the
results obtained by other authors that appreciated a higher differ-
ence between varieties than between other conditions.[10,14,36–38]
Hence, when the total polyphenol and tocopherol content was
studied (Table S2, Supporting Information), it did not distinguish
EVOOs in accordancewith the cultivationmodalities, but showed
the main differences between varieties (i.e., Hojiblanca showed
more content of total tocopherols and Picual more concentration
of total polyphenols), in agreement with Jiménez et al.[25]
Something similar occurred when the total amount of fatty
acids obtained was studied by separately (Table S4, Supporting
Information). In general, both varieties clearly showed the pre-
dominance of monounsaturated fatty acids (between 55.0% and
83.0% of the total thereof), oleic acid being the most abundant
fatty acid in all the samples (Table S4, Supporting Informa-
tion). However, the variety seems to be the most important
and determining factor in the differences in fatty acids. Thus,
the total content of fatty acids was in general higher in the
Hojiblanca samples, except for palmitic and palmitoleic acids
whose contents were higher in the Picual variety (Table S4,
Supporting Information), as was observed in other studies.[25,36]
By the contrary, there was a difference in the oleic acid content:
the Picual variety had, in general, 5% more oleic acid than the
Hojiblanca variety, except in organic cultivation (POI) for which
both varieties showed similar content with slightly lower values
than the other two modalities.[36] Moreover, the palmitic/linoleic
ratio, that is related to the oil balance, and oleic/linoleic ratio,
related to stability,[53] were greater for the Picual variety than
for Hojiblanca in all modalities and ripening stages (Table S4,
Supporting Information), in agreement Jiménez et al.[25,36]
Therefore, it can be interpreted that the Picual variety generates
more balanced and stable oils than the Hojiblanca variety. How-
ever, the linoleic/linolenic relation, that is related to the sensory
attributes of olive oils[54] (since they generate the most important
volatile compounds with “astringent and green” notes through
the lipoxygenase pathway), was greater in the Hojiblanca variety,
in accordance with other authors.[35]
After studying all the samples together, each variety was stud-
ied separately by the development of two news PCAs (Figure 3)
in order to see the differencesmore clearly betweenmodalities or
ripening. The score plot in this case shows the organic farming
(OI) clearly differentiated from the other two conventionalmodal-
ities (CD and CI) by means of PC2 in both Picual and Hojiblanca
PCA models.
By studying the loadings of both PCAs, the organic samples
(placed on the negative or positive side of PC2 in the Picual and
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Figure 3. Scores and loadings plots of the PCA analysis developed with the total of parameters analyzed for the total set of samples of the two varieties
a) “Picual” (P) and b) “Hojiblanca” (H), cultivated in three modalities: conventional with irrigation farming (CI), organic with irrigation farming (OI) and
conventional without irrigation or dryland farming (CD); and harvested at 4 different stages of maturity (I, II, III, IV).
Hojiblanca PCA, respectively) were characterized in general by a
higher weight of 100 fruits, acidity, CAS, K270, and K232 values
and ripening index; higher fruity, almond and bitter notes; and
a higher concentration of stearic, palmitoleic and linoleic acids
than the conventional modalities (dryland and irrigation).
According to these results, a higher relation could be observed
between the agronomical and physicochemical parameters
above mentioned with the cultivation modality than with the
variety (Figure 2). The greater weight of the fruits with irrigation
compared to the dryland modality might be due to the additional
water supply that they had,[21] usually higher in the organic
modality. In consequence, the organic cultivation showed sig-
nificantly lower values of shedding resistance of its fruits than
the other two conventional modalities (Table S1, Supporting
Information). The higher values of free acidity in organic olive
oils were also observed by other authors,[22] and it was related
to a certain infestation or fungal diseases in the olives resulting
from the absence of pesticides in this agricultural modality. In
contrast, the peroxide index showed in general higher values in
the conventional modalities, reaching higher values for dryland
farming (CD) than irrigation (CI), while the organic modality
showed the lowest values (Table S1, Supporting Information), as
occurred in other works.[55] With regard to stability, the cultiva-
tion modality, and therefore irrigation, had an opposite influence
on both varieties (Table S1, Supporting Information). Thus, POI
oils showed the shortest stability times for all stages, while HOI
oils had the greatest stability against oxidation in most ripening
stages (Table S1, Supporting Information), in accordance with
the results reported by Jiménez et al.[14]
Moreover, organic modality also showed the highest content
of total polyphenols in both varieties (mainly in POI and stage
II) as was observed by other authors,[2,10,23,39] followed by the
conventional irrigation,[21,56,57] and reaching the lowest values in
the dryland modality (Table S2, Supporting Information). In fact,
it has been shown that the activity of the enzyme L-phenyllanine
ammonia lyase (PAL), responsible for the biosynthesis of
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phenolic compounds, is increased with high level of
irrigation.[58–60] However, other authors have reported dif-
ferent or even opposite results, observing no effect, variable
effects over years, or even a dependency of the effect on the
growing area.[61] Hence, this brings to light that irrigation does
not always produce the same effect in the phenolic content of
olive oils. Something similar occurred with the tocopherol con-
tent, not following a clear trend with fruit ripening, or cultivation
modalities, as other authors reported.[40]
Regarding fatty acids, the conventional modalities were again
more similar, although dryland conditions showed higher values
than irrigation, and both differing from organic oils. The latter
showed lower amounts of oleic acid (as mentioned above) and
higher contents of linoleic acid (being statistically significant in
the Hojiblanca variety), palmitic and palmitoleic acids (mainly in
the Picual variety) and stearic acid than the other modalities (CI
and CD). These differences were in accordance with the results
of Jimenez et al.,[36] but they contrasted with the results obtained
by other authors that did not observe differences in fatty acid
composition,[62] or even that fatty acid composition in the oils
from the irrigation treatments varied with the seasons.[63] More-
over, among the three modalities studied, the highest values of
linoleic/linolenic ratio (Table S4, Supporting Information) were
reached in those with extra water supply, and among them, being
statistically significant in the Picual organic cultivation (POI), and
these results were in accordance with those obtained by several
authors.[23,36,63]
Finally, in both global PCAmodel (Figure 2) and the individual
PCA model for each variable (Figure 3), the ripening effect was
observed. Thus, the earliest ripening stages showed higher rela-
tion with grass, almond, bitter, and pungent sensory attributes,
total polyphenols, stability, and oleic acid; while the latest ripen-
ing stages weremore related to sweet, fruity, and apple sensory at-
tributes, tocopherols, ripening index, weight of 100 fruits, CAH,
CAS, and humidity, as well as acidity and linoleic and linolenic
acids. Therefore, these latest stages showed lower values for shed-
ding resistance, peroxide index, and stability.
The CAS, CAH, and humidity parameters could be relevant
due to it having been demonstrated that humidity influences
the content of phenolic compounds. Thus, other works showed
that when humidity increased significantly, phenolic compounds
decreased.[40] Regarding the stability of olive oil, our results
showed that the oils obtained fromolives atmore advanced stages
of ripening showed lower stability (Table S1, Supporting Infor-
mation). This trend was also observed in other studies and could
be explained by a reduction inwater content with ripening.[14,40,64]
The resistance to oxidative deterioration is generally attributed to
the lipid composition and the antioxidant content (i.e., phenolic
compounds).[65]
Moreover, greater differences could be seen between modal-
ities than between varieties regarding the ripeness degree (Fig-
ure 2), with some of the agronomical and physicochemical pa-
rameters reaching the highest values in all the ripeness stages of
the organic samples (Table S1, Supporting Information), mean-
ing that the organic samples might anticipate a stage of maturity.
A common trend was also observed for both varieties and culti-
vation modalities, going from the negative side of PC1 and PC2,
stages I and II, to the positive side of PC1 and PC2, with the high-
est ripening stages (Figure 3a,b).
Moreover, although the concentration of polyphenols among
the ripening stages was different according to the variety (i.e.,
Picual showed an increase from stage I to II, and then it de-
creased while Hojiblanca showed a decrease in total polyphenols
from stage I to IV) (Table S2, Supporting Information), it fol-
lows the same trend already studied in the literature: a progres-
sively increase during ripening, until it reaches a maximum at
the “spotted” and “purple” pigmentation stage, after which it de-
creases, following a similar trend to stability and humidity.[40]
Lastly, an influence of ripening in the fatty acid was not clearly
observed (Table S4, Supporting Information), remained practi-
cally unchanged as ripening progressed, as was also observed by
Jiménez et al.[25] However, it could be observed that the ratios
palmitic/linoleic and oleic/linoleic decreased throughout matu-
ration in all modalities and varieties, in accordance with Jiménez
et al.[36] and other authors[19] who reported that monounsatu-
rated/polyunsaturated ratios were not influenced by the irriga-
tion level. On the contrary, the linoleic/linolenic ratio increased in
both varieties and cultivationmodalities as maturation increases,
reaching themaximumvalues in stage IV, and also showed differ-
ences between cultivation modalities (more in organic samples).
4. Conclusions
In this work, the influence of different aspects, such as the va-
riety, fruit ripening degree, the irrigation and the type of culti-
vation (conventional and organic), on the quality of the EVOO
obtained in similar conditions (geographical area, climate … etc)
have been studied simultaneously, taking into consideration the
agronomical and physicochemical parameters, the polyphenols,
tocopherols, and fatty acid composition and the volatile and sen-
sory profiles. In the literature, there are similar studies, but they
do not consider all these variables simultaneously, nor determine
all these physicochemical parameters, and in most cases, olive
samples were not obtained under similar conditions.
In addition, among the 85 volatile compounds determined
in the samples, 1-hydroxy-2-propanone, (E)-linalool oxide and 2-
acetylfuran have been described for the first time in olive oil.
The results obtained showed that olive oils differed first accord-
ing to their variety, secondly to the stage of ripeness of the fruits
(the more the greater the ripening degree of the fruit) and finally,
within each variety, according to the cultivation modality. Thus,
organic irrigation differed markedly from conventional modali-
ties (with and without irrigation), with significant differences be-
ing observed in the acidity, stability, tocopherol and polyphenol
contents, fatty acid composition and sensory attributes. The va-
riety and the ripening degree of the olives had an effect on all
the parameters studied, showing a greater effect on the volatile
composition, and, therefore, in their organoleptic characteristics
and quality of EVOOs, than the cultivation method (organic or
conventional).
Irrigation was the variable that proved to have the least influ-
ence on the chemical composition of the olive oils. However, in
both varieties, irrigation increased yields.
From a sensorial point of view, the sensory attributes of grass,
apple, bitter and pungent, made it possible to differentiate the
earliest ripening states of the fruits at the time of harvesting and
were consistent with the amounts obtained in total polyphenols,
stability, as well as quality parameters.
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According to the results obtained, we can say that the opti-
mal moment of harvesting in the conventional modality would
be point III, while for organic oils, their optimal collection would
be earlier since they presented a more advanced moment of ma-
turity.
Supporting Information
Supporting Information is available from the Wiley Online Library or from
the author.
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